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Seventeen strains of Haemophilus equigenitalis isolated from the cervix,
clitoris, and urethra of mares were biochemically characterized with the API 10E
and API ZYM test kit systems, conventional biochemical tests, and the porphyrin
test. Antisera were prepared in rabbits. All of the strains were positive to the
porphyrin test, and the requirement for factor X (hemin) or V (nicotinamide
adenine dinucleotide) was not shown. Catalase, oxidase, phosphatase, and phos-
phoamidase tests were positive with all of the strains. Aminopeptidase (arylami-
dase) activity has been detected on beta-naphthylamide derivatives of eight
amino acids and of di- and tripeptides. No glycosidase activity was found. Antisera
prepared in rabbits strongly agglutinated all H. equigenitalis strains, but none of
the various other bacterial strains. These characteristics should prove to be useful
in the identification of H. equigenitalis.

In 1977, a new venereal disease appeared in
horses in Great Britain (15, 16). In 1976, the
same disease had been noted in Ireland (13), the
causative agent remaining unidentified. It has
also been found in France (10, 14), Australia (4),
the United States (20), and West Germany (12).
Although transmission is venereal, it is clinically
manifested only in the mare. The agent respon-
sible for contagious equine metritis has been
isolated from the genital tract of mares (cervix,
vagina, clitoris, and urethra) and from the exter-
nal genitalia of stallions. The recovered mare
and the contaminated stallion may remain
chronic carriers.
The causative agent is a fastidious gram-neg-

ative, microaerophilic, encapsulated (19), non-
fermentative coccobacillus, growing in 3 days on
chocolate agar incubated under 5 to 10% CO2.
The organism is very unreactive in biochemical
tests; only oxidase, catalase, and phosphatase
tests are positive. In 1978, Taylor et al. (22)
proposed that the causative organism of the
contagious equine metritis be considered a new
species of Haemophilus named Haemophilus
equigenitalis. Although some stimulation by
factor X (hemin) was observed, a strict depend-
ence upon factor X or V (nicotinarnide adenine
dinucleotide) was not demonstrated (18, 22).

Since Taylor et al. (22) described the type
strain, no extensive study has been undertaken
concerning this new species. Without prejudice
to its unclear taxonomic position (24), we used
conventional tests and enzymatic test kit sys-

tems to obtain as broad a picture as possible of
the biochemical activity of these bacteria. In
addition, H. equigenitalis antisera prepared in
rabbits were evaluated for bacterial identifica-
tion.

MATERIALS AND METHODS
Bacterial strains. Seventeen strains of H. equi-

genitalis were examined in the present investigation,
including the reference strain NCTC 11184. They are
listed in Table 1. Strains were stored freeze-dried or
frozen at -70°C in brain heart infusion broth (Difco
Laboratories) containing 15% (vol/vol) glycerol. In
addition, fresh clinical isolates of various bacterial
species were subjected to the same biochemical test or
slide agglutination test or both.
Growth conditions, colony morphology, and

bacterial morphology. Comparative studies of
growth were done with various agar media: chocolate
agar supplemented with 1% IsoVitaleX (Bio-Merieux),
chocolate agar (10% [vol/vol] heated defibrinated
horse, sheep, or rabbit blood in Eugon agar [Bio-
Merieux]), Mueller-Hinton agar (Difco), brain heart
infusion agar (Difco), beef-yeast extract agar (Institut
Pasteur), tryptic soy agar (Difco) with or without 1%
Fildes (Difco) or IsoVitaleX, and unheated blood agar
(10% vol/vol defibrinated horse or sheep blood in
blood agar base [Difco]).

Brain heart infusion broth (Difco) with and without
1% Fildes and peptone water (Institut Pasteur) were
used as liquid media.
The inoculated media were incubated at 37°C in air

in an anaerobic atmosphere (GasPak, BBL Microbi-
ology Systems) or in 5 to 10% CO2 (candle jar system
or GasPak without catalyst).

Bacterial morphology was determined with cells
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TABLE 1. H. equigenitalis strains
Strain designa- Y o

tiona Yearofisolation Source

001 1978 Cervix
002 1977 Cervix
003 1978 Clitoris
004 1978 Cervix
005 1978 Urethra
006 1978 Cervix
007 1978 Cervix
008 1978 Cervix
009 1978 Clitoris
010 1978 Urethra
011 1978 Clitoris
012 1978 Cervix
013 1978 Cervix
014 1977 Cervix
015 Unknown Unknown
016 Unknown Unknown
017 1980 Cervix

aAUl of the strains were obtained from J. Pitre,
Laboratoire D6partemental et R6gional de Biologie et
d'Hygiene, Caen, Calvados, France, with the exception
of: 002, from P. Gaumont, Laboratoire Central de
Recherches Veterinaires, Maisons-Alfort, France; 014,
from the National Collection of Type Cultures
(NCTC) (11184, Collection de l'Institut Pasteur [CIP]
7907); 015, from C. Tram, Institut Pasteur, Paris; and
016, NCTC 11225, CIP 7944.

from chocolate agar and cells from brain heart infusion
broth incubated at 37°C for 72 h.
API ZYM test. Various API ZYM test kits were

used: API ZYM (19 tests), API esterase (10 tests), API
aminopeptidase (54 tests), and API transpeptidase (2
tests) (API system S.A., La Balme les Grottes, Mon-
talieu Vercieu, France). The substrates consisted of
naphthyl derivatives of fatty acids and carbohydrates
and of fl-naphthylamide or p-nitroanilide derivatives
of tetra-, tri-, and dipeptides and of amino acids. The
API ZYM strips were inoculated according to the
directions of the manufacturer with 2 drops of a heavy
bacterial suspension in distilled water (turbidity, 5 to
6 on the McFarland scale) obtained from bacterial
growth on an agar plate. The strips were incubated in
moist chambers for 18 h at 37°C and were read ac-
cording to the directions of the manufacturer.

This series of tests was applied to all 17 strains of
H. equigenitalis and to fresh clinical isolates of H.
influenzae, H. parainfluenzae, Brucella abortus, B.
melitensis, Pasteurella multocida, and Acinetobacter
calcoaceticus.
Each strain was examined at least twice to deter-

mine the reproducibility of the results.
API 10E. Test kits were inoculated according to

the instructions of the manufacturer and were used for
the study of ornithine decarboxylase, lysine decarbox-
ylase, arginine dihydrolase, urease, and indole produc-
tion. The strips were incubated for 18 h at 370C.
Reagents were added when necessary, and the reac-
tions were read according to the recommendations of
the manufacturer. Urease and indole production were
also studied in Ur6e-Indole medium (Institut Pasteur).

Porphyrin test. The synthesis of porphyrins from
A-amino-levulinic acid was investigated according to
Kilian (6).
X and V factor requirement. The requirement

for X and V factors was investigated with X-, V-, and
X and V-containing disks (Difco) on brain heart infu-
sion agar.

Oxidase. The presence of an oxidase was investi-
gated with 72-h growth, and disks were impregnated
with dimethyl-p-phenylenediamine (Bio-MWrieux).

Catalase. The production of a catalase was inves-
tigated with colonies removed from an agar culture
and placed in 1 drop of 10% (vol/vol) H202 on a glass
slide.

o-Nitrophenyl-,8-D-galactopyranoside test.
The o-nitrophenyl-,8-D-galactopyranoside tests were
performed with a dense suspension ofbacteria in saline
(0.85% NaCI) and disks containing o-nitrophenyl-f3-D-
galactopyranoside (Bio-Merieux).

Antisera. Strains 001 and NCTC 11184 were used
to prepare H. equigenitalis antisera in rabbits. Bac-
terial growth on a chocolate agar plate (Eugon agar
base [Bio-Merieux] with 10% horse blood heated to
80°C for 10 min) obtained after 72 h at 37°C in 10%
CO2 was transferred to saline (0.85% NaCI), washed
twice in saline, resuspended in saline, and heated to
56°C for 75 min. The optical density of the 10-fold-
diluted suspension was 0.77 at 380 nm. After a preim-
mune bleeding, two groups of New Zealand white
nongravid does were inoculated subcutaneously five
times over a 4-week period. The inoculations were
three 2-ml and two 1-ml doses for the first group and
two 0.5-ml doses with 0.5 ml of a complete Freund
adjuvant suspension and three 1-ml doses for the
second group. Blood was taken by cardiac puncture 7
to 29 days after the last injection and allowed to clot.
Sera were separated and stored at -70°C.

Titration of antisera. A tube agglutination tech-
nique was used for the titration of antisera with the
above suspension of bacteria as antigen. None of the
animals had agglutinating antibodies before the first
injection. Antibody titers varied from 160 to 1,280 after
the vaccination. Only the sera presenting high titers
(:640) were used for slide agglutination tests.

Slide agglutination tests. Slide agglutination
tests were performed with prepared antisera undiluted
or diluted to 1/2, 1/5, and 1/10 and with specific B.
abortus, B. melitensis (Bio Merieux), and H. influ-
enzae (Difco) antisera.
One to two colonies were mixed homogeneously

with 1 drop of saline, and then 1 drop of antiserum
was added. The slides were gently rotated by hand for
2 min before the mixture was examined for agglutina-
tion. The strains tested against H. equigenitalis anti-
sera are listed in Table 3.

RESULTS
Growth characteristics. Optimal growth

was observed at 37°C in an atmosphere with 5
to 10% CO2 on chocolate agar and supplemented
media. The best growth was observed on choc-
olate agar (10% [vol/vol] heated, defibrinated
horse blood in Eugon agar). After 72 h of incu-
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TABLE 2. Biochemical characteristics of 17 strains ofH. equigenitalis and strains of other bacterial species

H. equi- H. equi
genitalis' b H. influ- H. parain- B. B. meliten- P. multo- A. calcoac-
NCTC genitais8 enzaea fluenzae' abortus' sisa cidaa eticusa
114 (17 strains)

Catalase
Cytochrome oxidase
Porphyrin test

o-Nitrophenyl-,8-D-
galactopyranoside
test

Urease
Indole production
Ornithine

decarboxylase
Lysine decarboxylase
Arginine dihydrolase

Phosphatase
Phosphoamidase

Glycine arylamidase
L-Alanine arylamidase
L-Serine arylamidase
Methionine

arylamidase
L-Aspartate

arylamidase
a-L-GlutamSte

arylamidase
L-Lysine arylamidase
L-Argilnne arylamidase

L-Alanyl-L-alanine
arylamidase

L-Alanyl-L-albmyl-L-
alanine arylamidase

L-Glutamine
arylamidase

L-Leucyl-L-alanie
arylamidase

Glycyl glycine
arylamidase

Glycyl phenylalanine
aryamiddase

Leucyl glycine
arylmidase

Glycyl-L-alanine
arylamidase

L-Lysyl-L-alanine

arylamidase
L-Phenylalanyl-L-

prolyl-L-alanine
arylamidase

L-Seryl-L-methionine
arylamidase

L-Phenylalanine
arylamidase

L-Phenylalanyl-L-
arginine arylamidase

L-Prolyl-L-ariginine
arylamidam

L-Leucine arylamidase
L-Seryl tyrosine

arylamidase
of-L-Aspartyl-L-alanine

arylamidase
L-Lysyl-L-lygine

arylamidase
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+ +
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TABLE 2. -Continued
H. equi- H equi-

Characteristic genitalisa italiS b H. influ- H. parain- B. B. meliten- P. multo- A. calcoac-haracteristic .NCTC gen tas
11184 (17 strains) enzae fluenzaea abortus' sisa cida' eticus'

S-benzyl cysteine - d - - - - - _
arylamidase

L-Tryptophane - d - -

arylamidase
L-Arginyl-L-arginine - d - - - - - -

arylamidase
L-Ornithine - d - - + +
arylamidase

L-Alanyl-L- - d - - - - - _
phenylalanyl-L-
prolyl-L-alanine
arylanidase

y-L-glutamate - d - - - - - -
transpeptidase

Glycyl-L-tryptophane - d
arylamidase

L-Histidine - + - - + +
arylamidase

a-L-Glutamyl-a-L- - +
glutamic arylamidase

Glycyl-L-arginine - +
arylamidase

L-Tyrosine arylamidase - ±
L-ProHne arylamidase - + - - + +
D-Alanine arylamnidase - - + - + +
NCBZ glycyl glycyl-L- - - - - - + _ _

arginine arylamidase

Esterase (4-C) - d + + + + + +
Esterase (5-C) + + + - + + - +
Esterase (6-C) + + + - + + - +
Esterase (8-C) + + + - + + + +
Esterase (9-C) - ± - - + + + +

a +, Positive characteristic for the strain tested;-, negative characteristic for the strain tested.
b+, More than 88% positive reactions; -, more than 88% negative reactions; d, 47 to 87% positive reactions; ±, 13 to 46%

positive reactions.

bation, colonies were smooth, convex, greyish-
white, opaque, with entire edges, odorless, and
1 to 1.5 mm in diameter. On unheated blood
agar and on nutrient agar, a film of growth was
seen after prolonged incubation (5 days or more).
In deeply inoculated beef-yeast extract agar, the
growth appeared only in a disk-shaped zone 2 to
6 mm from the top of the medium. In Gram
smears from agar culture, the bacteria exhibited
mostly a coccobacillary form. However, a few
rod shapes were observed in smears from liquid
media.
No stimulation of growth around X-, V-, and

X and V-containing disks was observed on brain
heart infusion agar. Furthernore, the porphyrin
test was positive for all strains of H. equigeni-
talis.
Biochemical characteristics. All strains of

H. equigenitalis were reproducibly positive in
the catalase, cytochrome oxidase, phosphatase,
and phosphoamidase tests, and all were repro-
ducibly negative in the urease, indole, ornithine

decarboxylase, lysine decarboxylase, arginine
dihydrolase, and o-nitrophenyl-,8-D-galactopy-
ranoside tests. They were also negative for a-
galactosidase, f8-galactosidase, 8l-glucuronidase,
a-glucosidase, 8-glucosaminidase, a-mannosi-
dase, and a-fucosidase. The results concerning
the other substrates are listed in Table 2.

Slide agglutination tests. Both antisera
were tested against the strains of H. equigeni-
talis and strains of various species of bacteria.
The diluted and undiluted H. equigenitalis an-
tisera strongly agglutinated the homologous and
heterologous H. equigenitalis strains, but did
not react with any of the other species tested
(Table 3). No cross-reactions were observed be-
tween Brucella and Haemophilus antisera and
the H. equigenitalis strains.

DISCUSSION
In this report, we present the results of inves-

tigations of 17 strains of H. equigenitalis. In
1978, Taylor et al. (22) described the causative
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TABLE 3. Slide agglutination tests with H. equigenitalis antisera
Agglutination with antiserum at given dilution

Antigen' H. equigenitalis NCTC 11184 H. equigenitalis 001 France

Undiluted 1/2 1/5 1/10 Undiluted 1/2 1/5 1/10

Haemophilus + + + + + + + +
equigenitalis NCTC
11184

Haemophilus + + + + + + + +
equigenitalis NCTC
11125

Haemophilus + + + + + + + +
equigenitalis (other
strains)

H. influenzae - - - - - - - -
H. parainfluenzae - - - - - - - -
Brucella abortus - - - - - - - -

B. melitensis - - - - - - - -

Pasteurella multocida - - - - - - - -

Yersinia enterocolitica - - - - - - - -

Y. pseudotuberculosis - - - - - - - -

Klebsiella pneumoniae - - - - - - - -

Acinetobacter - - - - - - - -

calcoaceticus
Pseudomonas - - - - - - - -

aeruginosa
P. stutzeri - - - - - - - -

P. maltophilia - - - - - - - -

P. putida - - - - - - - -

P. multivorans - - - - - - - -

a Strains of Pseudomonas fluorescens, Moraxella lacunata, and Aeromonas hydrophila were not tested because they were
self-agglutinating.

organism of contagious equine metritis. They
determined its cultural and positive biochemical
characteristics. The small number of the latter
makes identification difficult. Although the bac-
terium does not require factor X or V, the au-
thors considered it a new species of the genus
Haemophilus instead of creating, for a single
species, a new genus (22). In this study, we
confirm the results obtained by several authors
(14, 19, 22).
Micromethods investigating enzymatic capac-

ities of bacteria on various substrates in the
absence of bacterial growth have been used suc-
cessfully in the study ofvarious bacterial species:
enterobacteria (9), staphylococci, streptococci
and gram-negative bacilli (5), gram-negative an-
aerobes (23), Actinomycetaceae and related bac-
teria (8), and Haemophilus (3, 7).

Constant characteristics of H. equigenitalis
were revealed by use of the 85 substrates as
mentioned above. The strains tested do not pos-
sess glycosidases. On the other hand, aminopep-
tidase (arylamidase) activity has been found
with /8-naphthylamide derivatives of eight
amino acids (glycine, L-alanine, L-serine, methi-
onine, L-aspartate, L-glutamate, L-lysine, and L-
arginine) and derivatives of di- and tripeptides.
These characteristics were observed with all of
the strains tested. They may be added to those

defining the type strain. They allow an easier
differentiation between the H. equigenitalis
strains and the other species studied. Some char-
acteristics among the others could be used with
strains of various geographical origin in epide-
miological studies.
Rabbit H. equigenitalis antisera were shown

to be specific for this species. Also, they do not
agglutinate strains ofvarious other bacterial spe-
cies. Utilization of these antisera will be useful
in identifying suspect bacterial colonies obtained
from specimens collected from mares or stal-
lions. Isolation of H. equigenitalis is facilitated
by the use of streptomycin in the culture me-
dium (2, 11, 15, 17, 21, 22). However, a few
strains are sensitive to streptomycin (1, 12, 14,
20), making their isolation difficult in some
cases. These antisera, bound to a fluorescent
compound, could be used directly on fresh spec-
imens for the identification of H. equigenitalis.
However, it is necessary to study the possible
interactions between the labeled serum and var-
ious pathogenic or saprophytic bacterial species
encountered in the genital tract of the mare
(cervix, vagina, clitoris) and the external geni-
talia of the stallion. This study is in progress.
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